Abstract. In this paper we present a new five particle species hybrid model for calculating cosmic ray particle transport and acceleration in a dynamic heliospheric environment. In particular the effects of solar cycle related changes in the solar wind speed on the heliospheric geometry, solar wind flow and cosmic ray distribution are discussed, when a polarecliptic asymmetry at the inner boundary is modeled. It is shown that the disappearance of the fast solar wind over the solar poles toward solar maximum influences the geometry of the termination shock which is an important structure for cosmic ray acceleration. For solar maximum conditions, the shock radius is smaller in the polar regions and in the heliospheric tail compared to solar minimum. These changes influence cosmic ray transport and acceleration in these regions, especially for the polarity cycle where positive particles drift in along the heliospheric current sheet. For this polarity cycle, and for both the anomalous and galactic cosmic ray protons, an increase in particle intensities at the shock in the heliospheric tail is computed as the shock moves inward toward the Sun. For the heliospheric nose, it is also shown that both the plasma speed and cosmic ray intensities are relative insensitive to changes in the latitudinal profile of the solar wind speed. Therefore toward solar maximum conditions there is a decrease in the nose-tail asymmetry of the computed cosmic ray distribution compared to solar minimum conditions.
Introduction
The theoretical discussion of the interaction between the solar wind and the local interstellar medium (LISM) has a long standing history, starting from early publications by Parker (1963) and by Baranov et al. (1971) . Depending on the question whether or not the inflow of interstellar plasma is subor supersonic, the interaction scenario produces one or two
Correspondence to: K. Scherer (kscherer@astro.uni-bonn.de) shock fronts, the inner, the termination shock of the solar wind, and the outer, the bowshock of the interstellar ionized matter. The interstellar wind is a consequence of the relative motion between the solar system and the local interstellar medium, while the inner solar wind results from the solar coronal outflow with asymptotically supersonic velocities. In the interface region between the two shocks a contact discontinuity forms, the heliopause, which separates both media by a surface which cannot penetrated by the plasmas.
It became clear quite early, that the interaction of the plasma flows with the incoming interstellar neutral atoms, especially hydrogen (e.g. Fahr, 1968; Blum and Fahr, 1970; Holzer, 1977) plays an essential role in the physics of the outer heliosphere. Especially the pickup ions, which are created as consequence of charge exchange processes of Hatoms with solar wind ions (e.g. Fahr, 1983; Isenberg et al., 1985; Fahr et al., 1985; Ruciński and Fahr, 1991; Zank and Pauls, 1997; Fahr and Ruciński, 1999) came in the focus of interest, because they are considered to be the seed population for anomalous cosmic rays (ACR). The latter was discovered in the early 1970 (by Garcia-Munoz et al., 1973) as an additional component to the galactic cosmic rays (GCRs) (for more details see below).
Up to now the only model which describes a dynamical coupling of all these five fluids (protons, hydrogen, pickup ions, ACRs and GCRs) in a self-consistent manner is the so-called Bonn-model , which, as was recently demonstrated, also allows to include time variable solar wind ram pressure conditions, e.g. periodic changes in the plasma parameters caused by the solar activity cycle (Scherer and Fahr, 2003a,b; Scherer et al., 2004) . Without the high energy particles but with protons and hydrogen, the dynamics of the heliosphere is also modeled by Zank and Müller (2003) , while earlier dynamic models included only protons (Steinolfson, 1994; Liewer et al., 1995; Karmesin et al., 1995; Whang and Burlaga, 1993; Baranov and Zaitsev, 1998; Tanaka and Washimi, 1999) . Recently, Izmodenov and Malama (2004) have also presented a mono-periodic timedependent model including H-atoms which were described by a Monte-Carlo method, however, no high energy plasma components were included. Recently, high energy particles are also included in a static model by Alexashov et al. (2004) .
In more recent models the heliosphere was modeled in three dimensions (e.g. Washimi and Tanaka, 1996; Zank and Pauls, 1996; Borrmann and Fichtner, 2005) , some of them even incorporated the heliospheric magnetic field (Ratkiewicz et al., 1996 (Ratkiewicz et al., , 1998 Linde et al., 1998; Matsuda, 1998, 2000; Pogorelov et al., 2004) . While most of the above cited models use a hydrodynamical approach to describe H-atoms, a few have used more complicated approaches like Boltzmann-kinetic descriptions (Ripken and Fahr, 1983; Fahr, 1991 Fahr, , 1996 Osterbart and Fahr, 1992; Baranov and Malama, 1993; Müller et al., 2000; Izmodenov, 2001 ). Recent reviews of the hydrodynamical heliosphere modeling can be found in Zank (1999) and Fahr (2004) .
The heliosphere resulting under the relative motion between the LISM and the Sun has an asymmetric structure, for instance yielding a ratio of the upwind-to-downwind termination shock distance of approximately 1:2. In addition, the inner heliosphere is also more elongated in the poleward directions because of the latitudinal variation of the solar wind momentum flux, a fact which was revealed by observations with the Ulysses spacecraft (Phillips et al., 1995; McComas et al., 2000) . This quantity increases by a factor of ∼1.5 from the equatorial regions toward the poles, suggesting a pole-ward elongated heliospheric termination shock. Nevertheless, the mass flux is reported to be fairly constant with latitude and over a solar cycle McComas et al. (2003) , while the dynamic pressure is changing, leading to a more pronounced asymmetry during solar minimum conditions.
The basics for the description of the heliospheric cosmic ray distribution was again presented by Parker (1965) deriving the transport equation for high energetic particles in the heliosphere. The development of these theories in the recent years is nicely described by Fichtner (2001 Fichtner ( , 2005 . While the galactic cosmic rays (GCRs) originate outside the solar system (e.g. Axford et al., 1978; Bell, 1987; Blandford and Ostriker, 1978) , the anomalous cosmic rays (Fisk et al., 1974; Pesses et al., 1981; Cummings et al., 2002) are accelerated inside the heliosphere (for a review see Fichtner, 2001) . A lot of effort was spent in the description of the diffusion tensor (Jokipii, 1966; Bieber et al., 1994; Burger and Hattingh, 1998; Giacalone and Jokipii, 1999; le Roux et al., 1999; Lerche and Schlickeiser, 2001; Ferreira et al., 2001; Florinski et al., 2003) , or in the modeling of asymmetries in the heliospheric structure (Donohue and Zank, 1993; Chalov and Fahr, 1994; Kòta and Jokipii, 1998; Krimigis et al., 2003; McDonald et al., 2003) . Only recently the initial spectra of the GCRs in the LISM have been studied in detail by Moskalenko et al. (2002) and Langner (2004) . The transport equation was solved numerically with different assumptions (see Potgieter, 1998 , for a detailed discussion), for example 3D steady state models (e.g. Hattingh and Burger, 1995; Zhang, 1999a,b) or fully 3D-time dependent models (Kòta and Jokipii, 1998; Kissmann et al., 2003) , among others. In the Potchefstroom model (Potgieter, 1993 (Potgieter, , 1995 (Potgieter, , 1998 Ferreira et al., 2001; ) the complete transport equation is solved and applied to the modulation of galactic electrons, protons, as well as heavier ions.
In almost all transport models described above a relative simple heliospheric structure was used, e.g. a spherical heliosphere and a radial decaying solar wind between the termination shock and the heliopause. The effect of a poleward elongated and realistic heliospheric geometry on cosmic ray transport were studied in previous work Ferreira and Scherer, 2004) , in which the structure of the heliosphere as well as the plasma parameters were taken from the Bonn model without the GCR and ACR components.
In the present work, the two approaches, the hydrodynamic plasma code (the Bonn model) and the kinetic solution of the transport equation for cosmic rays (Potchefstroom model) have been combined into a self consistent five species hybrid code. This hybrid model also allows to study the effects of changes related to the solar activity cycle. Additionally, the changes with the solar wind latitudinal profile and its consequences on the heliospheric geometry and cosmic ray transport have been implemented into the hybrid code. Concerning the cosmic ray transport we report on the modulation of anomalous (ACR) and galactic (GCR) proton cosmic ray intensities in the heliosphere, and show how these are affected by dynamic changes in the solar wind speed.
The Hydrodynamic Model

The stationary model
The theoretical basics of the 5-species Bonn fluid model have already been published by Kausch (1998) , Fahr et al. (2000) , and Fahr (2000) . Thus, we give here only a short overview. The Bonn model includes consistently, besides protons of solar and interstellar origin, also interstellar H-atoms, heliospheric H-pick-up ions, proton ACR's and GCR's as separate fluids. These five fluids are dynamically and thermodynamically coupled to build the multifluid interaction system. The protons and the hydrogen are coupled by charge exchange processes, which in turn produce a new component, the pickup Ions (PUIs) which are comoving with the local solar wind, but thermodynamically behave as an independent fluid with separate values of density, temperature, sound speed and pressure. The PUI seed population is injected at the shock, with a rate which depends on its local strength, into the Fermi-I acceleration process to create the high energetic anomalous cosmic ray (ACR) component (for details see Fahr et al., 2000) . The injection rate corresponds to a specific fraction of the PUI flux which locally passes over the shock. This injection constitutes a local ACR source at the shock which is taken into account in an energyaveraged ACR transport equation describing convection and spatial diffusion of this high-energy 10 MeV/nuc fluid. Finally, the GCR's have been included by coupling their partial pressure to the total pressure using an energy-averaged GCR transport equation. Hereby the coupling occurs due to convective GCR changes connected with the local plasma bulk flow, and due to a modulation of the plasma motion by ACR and GCR pressure gradients. The energy density, i.e. the dynamic pressure, of the cosmic rays contributes to the dynamic structure of the heliosphere.
However, in this new hybrid approach the ACR and GCR intensities, in the form of spectra, are computed by solving the Parker (1965) transport equation which also takes into account energy changes that these particles may experience (Potgieter, 1998; Ferreira and Scherer, 2004) . To take care of the fact that in our new approach, the pressures of the high energetic particles, e.g. GCRs and ACRs, are important, they are calculated by integrating the corresponding energy spectra. In detail: First, the proton, hydrogen and PUI species are calculated hydrodynamically, secondly, the corresponding GCR and ACR spectra are estimated with the kinetic model described below. In the third step, these spectra are integrated to get the dynamic pressure of the high energy particles, which then is added to the total pressure of the five fluid system. Then with the new total pressure terms the evolution of hydrodynamic fluids is calculated. This scheme is applied, until the a stationary state is reached. This stationary state is then used as initial condition for the dynamic model, in which the inner boundary conditions change periodically, as described in the next section.
A coupling between the plasma and the ACR and GCR component is also included via the solar wind speed and the heliospheric magnetic field (see below). Moreover, the divergence of the proton speed is responsible for the acceleration of the ACRs which, in turn, react back to the heliospheric structure by their pressure. Moreover, a fraction of the PUIs are used as seed of the ACRs, which therefore, depend on the hydrogen density of the LISM and the coupling to the solar wind protons. A detailed analysis of the ACR acceleration and coupling to the heliospheric structure will be given in a forthcoming paper.
The dynamic model
To describe the GCR and ACR spectra at different time phases of the solar activity cycle, one primarily needs a detailed knowledge of the time-dependent properties of the background plasma flows, i.e. the solar wind and the interstellar plasma flow. To obtain the GCR and ACR flux intensities, they have to be coupled consistently to the other differential equations describing dynamics and thermodynamics of the low-energy plasma constituents. In the Bonn model this was realized using energy averaged equations for the high energy species. In the new model the approach is changed, but the principles of the dynamic modeling are the same. Therefore, a description of the dynamic modeling follows based on the observations in the outer heliosphere.
Variations of the solar wind pressure connected with the solar activity cycle have been reported on the basis of deep space probe data obtained with PIONEER and VOYAGER spacecraft (Kayser et al., 1984; Lazarus and McNutt, 1990) and they essentially show cycle-periodic variations of the dynamical pressure roughly by a factor 2 with maxima delayed up to 4 years with respect to the activity cycle maximum. As can be extracted from data presented by Lazarus and Belcher (1987) , Gazis (1994) or McComas et al. (2000) the solarcyclic variation of the solar wind dynamical pressure is connected with a nearly constant solar wind mass flux, since solar wind velocity and density appear to be appropriately anticorrelated (McComas et al., 2004) . This time-dependence and the its reaction to the whole interface system due to the dynamically changing solar wind pressure is described within the fully-time-dependent HD-simulation of the five dynamically relevant fluids, in which the solar wind mass flow is constant during the solar cycle.
The dynamics of the solar wind
Hereby we follow VOAYGER-1/2 data taken by Gazis (1994) and try to best-fit them by the following analytic timedependencies: For the solar wind bulk flow velocity V s we adopt (for details see Scherer and Fichtner, 2004) :
( 1) with the solar cycle period τ s = 2π/ω s = 11 yrs, and with V min = 300 km/s and ∆V s = v max − v min = 500 km/s. The constants a s , b s are chosen to normalize the function f to values between 0 and 1, e.g. a s = b s e −S and b s = 1/(e S + e −S ), while S controls the steepness of the function and the width of the extrema. As discussed in Scherer and Fahr (2003a) and Scherer and Fichtner (2004) the solar wind mass flow Φ ms is constant in time (see also McComas et al., 2004) and hence the proton density anticorrelates with the bulk velocity like:
Therefore, the most relevant dynamical quantity, the dynamical pressure Π s at the inner boundary of our simulation program is given by:
While the quantity Π s (t) behaves analogously to the solar wind speed, the solar wind density is inversely proportional to the solar wind speed. The above described model neglects the fact, that the heliosphere is asymmetric with respect to an ecliptic-pole cut. The reason is that the solar wind is also asymmetric in the same aspect, i.e. the solar wind speed is fast over the poles, while it is slow in the ecliptic (e.g. in a cone with an opening angle Φ < 35
• ). The mass flow is also conserved in this configuration, see e.g. McComas et al. (2000) . In addition to that asymmetry, the solar cycle affects mainly the high speed component, which varies between 300 km/s during solar maximum conditions to 800 km/s during solar minimum conditions (McComas et al., 2004) . To simulate such an asymmetric behavior, we introduced the following function (Ferreira, 2002) :
where the constants are given here by: ∆ c R = 8, θ c,1 = θ c,2 = 35 • and V s,0 = 400 km/s. θ is the colatitude, e.g. θ = 0 is the pole, while θ = − π/2 gives the tail direction and θ = π/2 that of the nose.
In the following we will discuss the variations in the meridional plane, where the time dependence of the solar wind speed is given by its asymmetric form, Eq. (4) above. Three snapshots of the corresponding radial velocity and proton density profiles are shown in Fig. 1 and in Fig. 2 . The complete time evolution can also be seen in a movie (please click here to see the movie).
The Transport Model
The modulation of ACR and GCR intensities in the dynamical heliospheric environment is modeled by a self-consistent 
in two spatial dimensions (r, θ) with θ the polar angle and r the radial distance and t time. Furthermore, P is the rigidity, Q any sources or sinks of cosmic rays inside the heliosphere, V the solar wind velocity, ← → K s the symmetric diffusion tensor and f the omnidirectional distribution function with differential intensity j = P 2 f in units of particles m −2 s −1 sr −1 MeV −1 . The pitch angle averaged guiding center drift velocity for a near isotropic cosmic ray distribution is given by v D = ∇ × ( ← → K A e B ) with e B = B/B m , where B is the Parker spiral (Parker, 1958) and B m is the magnitude of the modified background HMF (e.g. Jokipii and Kóta, 1989; Potgieter, 1999) and ← → K A is an antisymmetric tensor.
Equation (5) includes all the major transport processes: diffusion, convection, drifts and energy changes. Concerning the latter when ∇ · V > 0 the particles are adiabatically cooled, which generally occurs in the upstream region of the solar wind termination shock. For ∇ · V < 0, cosmic ray particles are accelerated via first order Fermi diffusive shock Fig. 3 . Computed 1 GeV GCR proton distribution for the A < 0 polarity cycle when protons drift in from the equatorial plane toward the Sun. Shown from top to bottom are three different particle distributions corresponding to to the three different snapshots of heliosphere during various stages of solar activity as shown in Fig. (1) acceleration at the termination shock, while for most of the downstream region in the heliosheath ∇ · V ≈ 0 and almost no changes occurs.
The two most important transport processes in Eq. 5 which need to be highlighted here are cosmic ray diffusion and drifts. The corresponding coefficients of interest are found in the diffusion tensor K s with the coefficients of special interest
giving from top to bottom the radial and polar diffusion and drifts respectively, with the heliospheric magnetic field B and the spiral angle ψ. Here κ || is diffusion parallel to the heliospheric magnetic field, κ ⊥r perpendicular diffusion in the radial direction and κ ⊥θ perpendicular diffusion in the polar direction. Note that the heliospheric magnetic field is described by the Parker spiral field:
where Ω is the angular speed of the Sun, r ⊙ the solar radius, and V (t) the time dependent solar wind speed described in 
Therefore any temporal changes in this quantity, due to changes in V , also has an effect on the radial diffusive transport and drifts processes because of the dependence on the spiral angle.
To calculate the cosmic ray spectra in the heliosphere, Eq. 5 is solved numerically via the Alternating Direction Implicit method (e.g. Douglas, 1962) whereafter the cosmic ray pressures are determined and taken into account when the hydrodynamic part is solved, as discussed above. For a detailed discussion on the cosmic ray transport parameters, see Ferreira et al. (2001) and and Ferreira and Scherer (2004) . However, it must be mentioned here that the effects of the heliospheric current sheet on cosmic ray transport are simulated as described in detail by Hattingh and Burger (1995) . It was shown by Ferreira et al. (1999) that there exist no qualitative differences and insignificant quantitative differences between this approach and a three-dimensional approach including an actual wavy heliospheric current sheet. In the next section we focus on the dynamic changes in the computed GCR and ACR distributions in the heliosphere when a time-dependent solar wind profile is simulated. 
Model Results
In the static case the GCR pressure calculated from the old 5-species Bonn model is almost identically to that calculated from the new hybrid model. The new feature for the GCRs is that now we are able to estimate the differential flux instead of an energy averaged flux. An example is discussed below.
The influence of the ACRs have been also modeled using an energy averaged flux, where the efficiency was described by a factor describing the fraction of PUIs converted into energetic particles. Now in the new hybrid code, we are able to calculate the acceleration from the PUIs to the ACRs in a self-consistent way. This changes the ACR pressure compared to that in the old model. The influence of the heliospheric structure is not negligible, but a detailed description of these processes would go far beyond this paper. The acceleration of ACRs and its influence to the structure of the heliosphere during both polarity cycles will be described in a separate paper. Here we will only show an example.
The main intention of this paper is to demonstrate that the hybrid code is working and will give new interesting inside in the physics of the heliosphere. Fig. (1) . Shown on top is the divergence of the solar wind speed at the termination shock radius, plotted as a polar plot.
Dynamic Solar Wind
Here we present the computations from the hybrid model with an asymmetric solar wind profile given by Eq. 4 showing the effects of solar cycle related changes on the geometry of the heliosphere, in particular the termination shock.
These are illustrated in Fig. (1) , which shows the time evolution of the dynamic heliosphere with solar cycle related changes in the latitudinal profile of the solar wind. Shown here is the solar wind speed for selected periods over a 11-year cycle as three plots representing increasing solar activity from top to bottom. An interesting aspect is the so called "tornado alley" evident at high latitudes beyond the termination shock. In this narrow region the plasma speed significantly differs compared to that of the surrounding heliosheath plasma. During solar minimum, high speed wind flows into the tail regions of the outer heliosphere through this tornado alley. However, as the fast solar wind (solar minimum) over the poles disappears and only a uniformly slow solar wind (solar maximum) is left, this structure is less evident and almost disappears for extreme solar minimum periods (shown in the Movie). The effects of these dynamical solar cycle related changes on the solar wind density are illustrated quantitatively in Fig. (2) showing the radial profile of the solar wind speed for different polar angles. Shown at the top is computed values in the equatorial plane toward the heliospheric nose, middle panel shows values at the poles, and bottom panel shows values in the equatorial regions of the heliospheric tail. The solid line corresponds to solar minimum results, as in the top panel of Fig. (1) , while the dashed line corresponds to values for solar maximum periods, corresponding to the bottom panel of Fig. (1) . The most important feature shown here is that as solar activity increases the termination shock moves inward, especially at the polar and tail regions. This is because of the disappearance of the fast solar wind over the poles, and as shown below, this can have consequences on cosmic ray particle acceleration and distribution in these regions.
In this paper we can not give a detailed analysis of the tornado alley. It is in principle a similar feature as that describe Scherer and Fahr (in 2003a) in the tail region. While in the latter case the authors used Eq. (1) in the equatorial plane to describe the solar cycle variations, and found a complicated structure in the tail. In our case using an asymmetric solar wind speed in the meridional plane, this feature is restricted to the polar region, e.g. the tornado alley. The interaction with the solar wind hydrogen as well as the complicated shock structure at the beginning of the tornado alley and its time dependent behavior needs a much deeper description as can be given here. We will discuss it in detail in forthcoming publication.
Galactic proton distribution
Here we present computed GCR proton distributions corresponding to the three different snapshots of heliosphere during various stages of solar activity as shown in Fig. (1) . For these computations the local interstellar proton spectrum (LIS) from Moskalenko et al. (2002) , see also Langner (2004) is used. Figure ( 3) shows corresponding computed 1 GeV GCR proton distributions for the A < 0 polarity cycle, when protons drift in from the equatorial plane toward the Sun (click here to see the movie). Shown in the panels (from top to bottom) are particle distributions during minimum, moderate, and maximum solar conditions as shown in Fig. (1) . Note that for this work only the dynamic changes Fig. (7) but for the A > 0 polarity cycle resulting from solar cycle related changes in the solar wind are taken into account. For future work a more realistic approach including corresponding changes in heliospheric current sheet tilt angle and diffusion coefficients over a solar cycle will be investigated.
Shown in Fig. (1) is that when solar activity increases, with the fast solar wind disappearing over the solar poles, the termination shock moves inward especially in the heliospheric pole and tail regions. This has a significant effect on the GCR particle distribution, as shown in Fig. (3) . As the shock moves inward, more particles are accelerated with larger computed intensities in the equatorial regions of the heliospheric tail. For these solar maximum conditions there is a reduction in the nose tail asymmetry of the computed cosmic ray intensities due to the shock becoming more spherical compared to solar minimum. In fact the intensities at the shock in the heliospheric tail is now almost the same as in the nose regions. For the equatorial regions in the heliospheric nose there is almost no change in the cosmic ray distribution because in this region the termination shock radius is not sensitive to changes over the poles as shown in Fig. (1) . It must again be emphasized that solar cycle related changes in the tilt angle and diffusion transport coefficients will alter model computations presented here, and this is only an illustration showing the effect on particle distribution of changes in the solar wind speed only.
Figure (4) shows the same as Fig. (3) except here computations are shown for the A > 0 polarity cycle. For this cycle GCR protons drift in from the poles to the Sun and out-24 Scherer and Ferreira: A heliospheric hybrid model ward along the current sheet and as expected the effect of the termination shock on the computed intensities is much less evident due to the different drift direction. For this cycle, not so many protons are accelerated as they enter the heliosphere via the polar regions due to a weaker shock present, compared to the equatorial regions of the nose. Also shown here is that the dynamics of the solar wind speed mostly influence particle distribution in the heliospheric tail beyond the shock, with the computed intensities in this polarity cycle more dependent on plasma speed variations compared to results shown in Fig. (3) .
Anomalous proton distribution
To compute ACR's a mono-energetic source was specified at the termination shock (see e.g. Steenberg and Moraal, 1996, 1999) . As reported by Langner (2004) the corresponding solutions are independent of the injection energy as long as it is lower then the termination shock cutoff energy. Unique to the hybrid model is that the injection spectra are scaled to the computed pickup ion density which differs between the nose, pole and tail regions of the heliosphere as discussed above. This is shown in Fig. (5) which shows pickup ion densities for both solar maximum (top panel) and solar minimum (middle panel) as computed by the hybrid model. The normalized densities at the termination shock, from which the ACR injection spectra are computed, is shown as a function of latitude in the bottom panel. The solid line corresponds to solar minimum, and the dashed line to solar maximum.
These aspects influence the distribution of ACR's significantly over a solar cycle as shown in Fig. (7) (click here to see the movie). Presented here are the computed ACR distribution for the three different heliospheric geometries due to variations in the solar wind speed, shown in Fig. (1) . It can be seen here that for this magnetic polarity, and for solar minimum conditions, the ACR's are accelerated at the termination shock in the equatorial regions, especially in the heliospheric nose. Interesting is that for solar minimum, intensity enhancements in ACR's also occur in the polar regions of the heliospheric tail. This is due to the fact that the value of the divergence of the polar solar wind speed approaches that in the equatorial region of the heliospheric nose. This interesting region is just below the "tornado alley" evident in the polar region and is shown in Fig. (6) , which shows the computed solar wind speed profile for solar minimum conditions, as in the top panel of Fig. (1) . Shown on top of the solar wind speed is its divergence at the termination shock as a polar plot. This large negative divergence in this region disappears toward solar maximum with the subsequent disappearance of the fast solar wind. The effect on the acceleration of ACR's is evident with the acceleration in this region disappearing for increasing solar activity.
As in the case for the GCR's the distribution in the heliospheric nose is not so much influenced by changing only the solar wind speed as a time dependent parameter. Also interesting is the effect of perpendicular diffusion in the polar region κ ⊥θ which contribute to changing particle intensities due to changes in the solar wind speed as shown by Ferreira et al. (2003) . Because both the parallel κ || and perpendicular diffusion coefficient in the radial direction κ ⊥r depend on the spiral angle of the heliospheric magnetic field, which changes for different solar wind speeds, the net effect is that for solar maximum these are slightly smaller compared with solar minimum with the effect that the ratio of κ ⊥θ /κ ⊥r is now larger, resulting in changes in drift and latitudinal transport. These effects, together with the effect of changes in the divergence of the solar wind speed over a solar cycle are currently studied in more detail. Figure (8) shows the same as Fig. (7) except here computations are shown for the A > 0 polarity cycle. Note that at these low energies (30 MeV), model solutions are not as sensitive to drifts, as e.g. at 1 GeV as shown in Figs. (1) and (2). As for the GCR computations, the ACR's differential fluxes in this polarity cycle are also largely reduced throughout the heliosphere due to less efficient acceleration at the termination shock. However, the acceleration in the polar regions of the heliospheric tail is still evident as for the A < 0 polarity cycle. Also for increasing solar activity this disappears due to the disappearance of the fast solar wind. As for the A < 0 polarity cycle the computed particle distribution inside the termination shock is mostly unaffected by dynamical changes in the solar wind speed, and the geometry of the termination shock.
Conclusion and outlook
In the present paper the first results of a hybrid model of the heliosphere is presented. It combines the hydrodynamic code for plasma and low energetic particles (e.g. hydrogen and PUIs) with the kinetic transport equation solving the transport and acceleration of high energy particles, e.g. GCRs and ACR's.
For the first time we could combine such models and, furthermore, study their dynamical behavior. We have shown how solar cycle related changes in the solar wind speed influences the geometry of the heliosphere and cosmic ray particle distribution within. However, in this paper we could only present the basic ideas and first results, but in forthcoming papers we will analyze the dynamics of the hybrid code, the Bonn-Potchefstroom (BoPo) model, further. Especially, the time dependent modulation of cosmic rays in such a realistic heliospheric environment will be studied.
